The method based on oxidation-coagulation-adsorption at optimized pH (OCOP) using NaHCO 3 , KMnO 4 and FeCl 3 as pH conditioner, oxidant and coagulant, respectively, is an efficient and low-cost method for removal of arsenic from groundwater that has been gaining popularity in India. In a recent modification of OCOP, coexisting ferrous iron of water was utilized in order to lower the dose of FeCl 3 and hence to lower the cost of the treatment of water containing both arsenic and iron. Here we present how the OCOP method can be effectively and economically used for simultaneous removal of arsenic, iron and manganese ions from water containing all three contaminants. 
INTRODUCTION
Millions of households in different parts of the world are currently using arsenic-rich groundwater as drinking water.
India (Assam, West Bengal, Bihar, etc.) In groundwater, arsenic usually coexists with excess iron. As the presence of iron (Fe 2þ ) in groundwater inhibits oxidation of As 3þ , it is necessary to use an additional oxidising agent like KMnO 4 , NaOCl, etc., sufficient to oxidise the NaHCO 3 were prepared in doubly distilled water for using as coagulant, oxidant and pH conditioner, respectively.
Instrumental analysis
The pH of the experimental water samples were measured in the laboratory using a multi parameter kit (model 5Star pH.ISE.Cond.DO Benchtop, Orion, USA). The pH of the water samples in the field was determined using a pocket- Then, the water was allowed to coagulate and settle down for two hours. The water samples were then decanted and filtered through Whatman 42 filter paper.
Statistical analysis
RSM is a statistical method for examining the optimum conditions with a limited number of experiments (Baskan & Pala ) . In the present case, the major operating vari- The data were examined for two variables with 13 experimental runs (Bora et al. ) . Based on the CCD of RSM, the data were made to fit with the 3D plot of surface area for the major operating variables in the removal of arsenic in the presence of manganese and iron according to the following equation:
where, a 0 , a 1 , a 2 , a 3 , a 4 and a 5 are the regression coefficients.
The quality of the model fitted with the 3D surface areas is evaluated using analysis of variance (ANOVA) (Bora et al. ) . In this analysis, the p-value (Prob > F values) of <0.05 
RESULTS AND DISCUSSION
Initial experiments for RSM optimization ] 0 ) and NaHCO 3 (in mg/L) with which arsenic was found to be removed to below 1 μg/L from an initial 100 μg/L. These data were used for RSM analysis.
Analysis by RSM
The experimental results presented in Figure 1 
data points used for optimization of the required dose of NaHCO 3 , KMnO 4 , and FeCl 3 are included in Table 3 .
Based on this RSM experiment we have fixed the optimum doses of NaHCO 3, KMnO 4 and FeCl 3 for the field trial for removing arsenic, iron and manganese ions from water containing all these three contaminants.
3D Plot (a), (b) and (c) of Figure 2 for doses of KMnO 4 , NaHCO 3 and FeCl 3 respectively, was prepared using;
Equations (5)- (7) 
Optimized results

Field trial
The doses of KMnO 4 , NaHCO 3 and FeCl 3 used for the field trial as decided by the RSM analysis for various coexisting iron and manganese concentrations are presented in Figure 3 .
It was seen from Figure 3 that the dose of FeCl 3 decreases with the increase in coexisting iron up to 8.607 mg/L as Fe, beyond which there is no need of externally added FeCl 3 .
However, the required dose of KMnO 4 increases slightly with the increase in [Fe 2þ ] 0 over the whole range as expected.
With the increase in coexisting iron concentration, the required dose of NaHCO 3 also decreases slightly because, with the increase in coexisting iron concentration, of required addition of FeCl 3, a Lewis acid, decreases, requiring more NaHCO 3 to raise the pH to 7.3.
The field trial showed very good removal of arsenic along with removal of iron and manganese as shown in 
Suitability of the method
Final pH of the treated water samples are also found to be in the middle of the acceptable range 7.0-7.5 for drinking (Figure 4(d) ). The other relevant water quality parameters of the water before and after treatment have been found to 
CONCLUSIONS
The simple OCOP method of removing arsenic and iron from contaminated groundwater has been successfully modified to remove manganese ions also, together with arsenic and iron by using RSM. The RSM fairly optimizes the doses of NaHCO 3 , KMnO 4 and FeCl 3 for simultaneous removal of arsenic, iron and manganese from groundwater.
The RSM analysis and experimental results for the doses of 
